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Five basic causes of less than optimal
pumping system operation

Installed components are inherently inefficient at
the normal operating conditions

The installed components have degraded in
service

More flow is being provided than the system
requires

More head is being provided than the system
requires

The equipment is being run when not required by
the system
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Continuing to narrow the field: symptoms in
pumping systems that indicate potential opportunity

* Look for:
— Throttle valve-controlled systems
— Bypass (recirculation) line normally open

— Multiple parallel pump system with same number of
pumps always operating

— Constant pump operation in a batch environment or
frequent cycle batch operation in a continuous process

— Cavitation noise (at pump or elsewhere in the system)
— High system maintenance
— Systems that have undergone change in function

— Pump at higher flow rates than are necessary for shorter
periods of time
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Component and system approaches to energy
and reliability improvement contrasted

« Component optimization involves
segregating components and analyzing in
Isolation — How efficiently does the pump
provide flow to the system?

« System optimization involves looking at
how the whole group functions together
and how changing one can help another —
How efficient is the overall system at
delivering the needed flow?
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Pumping Power Diagram
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Shaft Power (bhp) = Motor Input Power * (n,,)
Fluid Energy Increase (whp) = Shaft Power (bhp) * (np)

(1 HP = 0.746 kW)
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VFED on Pump Motor
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The system operating point is at the intersection
of the pump and system head-capacity curves
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Pump performance characteristics
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There are four types of performance curves that
are used to characterize pumps

* Head

» Shaft power

 Efficiency

* Net positive suction head required (NPSHR)
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Actual Pump Curve
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Actual Pump Curve
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Vertical turbine pump catalog curves are commonly
provided in individual stage (bowl) performance format
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The system operating point is at the intersection
of the pump and system head-capacity curves
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Each system has its own
unigue system curve

The system curve describes everything in the system except
the pump and gives the required head to move a given flow
rate through the system.
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We’'ll use this system as an example: water is
pumped from one tank to another

There are two tank level

Indicators, four pressure
gauges, and a flow meter
available for our use.

Pressure gauges 2 and
3 are in the same size pipe

R

g
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System curves are made up of two fundamental
components - the static head and the frictional head

* Static head refers to the change in elevation from the
suction tank to the discharge tank

« Tank over-pressures must be included in calculations

* This Is basically the change in potential energy of fluid
as it moves from the suction tank to the discharge tank

e Closed systems do not have static head

 Static heads can be positive, negative or zero
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Two fundamental types of energy — or head —
are required to move fluid through systems

« Static head: The head required to move a fluid
from one elevation and pressure to another

elevation and pressure

 Friction head: The head required to overcome the
frictional losses In the pipe and fittings

H. . = H + H

Static head is independent of flow rate, but friction head
varies roughly proportional to the square of the flow rate

total static friction
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System Curves

System curves display the total head required to move
different amounts of flow through the piping system

System curve equations:

= 'M1.9
Htotal — Hstatic t k Q

Closed piping systems have zero static head

Open piping systems generally have some static head
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The static head is made up of elevation,
and sometimes pressure components

| 2.31 (P, - P,) P
Static head (H,) = & ¥ Za=Zs .fI;,
Z4 - Z1
'6
P - H, in ft
\[1/' - P in psig
\ Z in ft
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—xample static head calculation

I
2P, P

elevation head = ?

pressure head = ?

Total static head = ?
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—xample static head calculation

I
2 31(E," P, )23 11

elevation head = 40 ft

pressure head = 23.1 ft

Total static head =63.1 ft
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System curves are made up of two fundamental
components - the static head and the frictional heac
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System head curves for
three different systems
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Actual Pump Data for VSD Operation

Variable Speed Pumping
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PSAT Introduction
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Example Water Treatment Plant

County water treatment facility
« 200 HP pump
« 2100 HP pumps
« Typically run the 200 HP and one 100 HP

Peak demand is just under 1.6 MGD
Demand is less than 1.5 MGD 99.5% of
the time

Would like to operate the plant 12
hours/day or less

Electric rate has a significant demand
charge
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Example Water Treatment Plant

System Curves
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Morthly unit costs: 1.2 MGD

City Water
System

Pump Required hrs/ operating PSAT KWW Demand Energy Service annual avg.

gpm ft MGD day fraction optimal kwhr charge charge fee Tax cost 37 Kwwhr
1700 2941 1.2 1176 0490 11386 406851 $628 1,808 $9 $147 |$31 106 00638
1800 2981 1.2 111 0463 12186 41096 %707 $1.823 $9 $152 1932293 0.0655
1900 3023 g 1053 0438 1298 41559 §$788 $1,838 $9 $158 |$33,512 00672

N

2000 3068 L 1000 0417 1385 42127 $873  $1,856 $5 $164 |$34,637 0.0689
2100 3114 132 952 0.397 147 4 42683 §961  §1,875 $9 $171 |$36,189 0.0706
2200 3164 1.2 9.09 0379 156 .4 43247 $1,050 %1892 $9 $177 |$37 543 00723
2300 3215 1.2 8.70 0362 1659 43879 91,144 %1913 $9 $184 1338995 00741
2400 3269 1.2 8.33 0347 1758 44560 $1.,242 $1 935 $9 $191 1940517 00758
2500 3325 12 5.00 0.333 1858 45211 $1.,340 $1 956 $9 $198 |$42,039 00775
Monthly unit costs: 1.5 MGD
Pump Required hrs/ operating PSAT KW Demand Energy Service annual avg.

gpm it MGD day fraction optimal | kwhr charge charge fee Tax cost 37 KWhr

1700 2941 15 1471 0813 1136 | 50814 $628 $2136 $9 $166 |$35270 0.0578
1800 2981 15 1389 0579 1216 | 51370 %707 $2154 §9 $172 1936502  0.0582
1900 3023 15 1316 0548 1298 | 51948 $788 $2173 9 $178 |$37,769  0.0606
2000 306.8 15 1250 0521 1385 | 52659 $673 $2195 $9 $185 |$39152  0.0620
2100 3114 15 1180 0496 1474 | 53374 $961 $2219 39 $191 |$40562 0.0633
2200 3164 15 1136 0473 1564 | 540589 $1.050 %2241 $9 $198 |$41 973 0.0647
2300 |321.5 15 1087 0453 1659 | 54849 91,144 §$2266 §9 $205 |$43 439 0.0661
2400 13268 15 1042 0434 1758 | 55701  $1,242 $2293 3$9 $213 |$45081 00674
2500 3325 15 1000 0417 1858 | 56514 §1,340 $2320 §9 $220 |$46 670  0.0688

200-hp motor capable of handling loads through 2200 gpm (in service factor for 2200 gpm)

250-hp motor required for 2300 gpm and above

Figure 15.Spreadsheet showing optimal energy cost at various pump flow
rates, based on average daily demands of 1.2 and 1.5 million gallons.

Energy charge: First 15,000 kWhr each month @ 6.55 cents/kWhr, remainder @ 3.221 cents/kWhr

Demand charge: $9.87 per kW for all demand above 50 kW, based on maximum 30-minute average
during each month

Fixed service fee: $9/month

Sales tax: 6% adder to sum of above char
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Parallel and series pumping “laws”, like the
pump affinity laws apply to the pump curves only

« Parallel pumps - sum the flow rates at a
given head

e Series pumps - sum the heads at a given
flow rate

29
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Parallel pumps can help adapt to changing
system requirements and provide redundancy
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Unlike pumps can also be used in parallel,
but with caution
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|dentical pumps in series; add head at a given
flow rate to estimate overall performance
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Parallel Pumping Example
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Parallel Pumping Example
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Parallel Pumping Example
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Parallel Pumps: Header Pressure
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Variable speed drive
performance characteristics
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Combined motor & adjustable frequency drive
results demonstrate high drive efficiencies
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What happens if we reduce
pump speed In the three
system types mentioned

earlier?
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Change in speed for the all frictional system results in
maintenance of constant pump efficiency (Pump 2)
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Change in speed for the all frictional system results in
maintenance of constant pump efficiency (Pump 3)
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Change in speed for the 100-ft static system with Pump 2
results in loss of flow at ~78% speed
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The steeper head-capacity curve for pump 3 makes for
improved turndown and controllability
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All three system curves with P2, variable speed
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All three system curves with P3, variable speed
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How about parallel pump
operation with different
system types?
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Parallel pump response also depends on the
nature of the system and pump curves (P2)
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Parallel pump response also depends on the
nature of the system and pump curves (P3)
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An introduction to the Pumping System

Assessment Tool (PSAT)

e Goa
pum

. to assist pump users in identifying
ning systems that are the most likely

cang

idates for energy and cost savings

* Requires field measurements or estimates of

flow

rate, pressure, and motor power or current

* Uses pump and motor performance data from
Hydraulic Institute standard ANSI/HI-1.3 and
MotorMaster+ to estimate existing, achievable
performance
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Assessing the magnitude of the opportunity

 Pumping System Assessment Tool

— Focus on systems flagged by the size and
symptom filters (size alone is, however,
sufficient)

— Quantifies energy and cost savings
opportunity

— Does not identify the solution
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Pump,
fluid

Motor

Duty,
unit
cost

Field
data

Condition A _ Condition B _ Condition A Condition B|
Multistage boiler feed _ ] Muttistage boiler feed ]| . et o R DR i
Pump efficiency || 808 ||l 86.2 ||% | 658 ||I[ 865 |[l%
gar = | INESCCYs ) (RCe = n ko) SR o8 B
Drive Direct drive W Drive Direct drive W THROESHE IO = ' P - =1 (It°P
: e . e ] Pump shaft power| (|| 2058.5 | fi[ 1930.0 | hp [ 20585 ||{] 1566.4 ||lhp
Units gpm, ft, h v Units gpm. ft, h v 2 - il -
, T 50011l [ kinematic vicosity (S) 2T 1.00 Motor efficiency | (| 96.0 Jlil 96.3 |||% | 96.0 |||[ 962 |[|%
Kinematic wscpsnty (c‘S):! : inematic wscF)suty (c- ):I : Motor power factor |[I| 892 [l 90.0 | [% 292 |[[[ 895 %
Speciic oty g 05944 Bl Blad 05944 Motor current |||[ 2491 ||[I[ 2305 || lamps || {[ 2491 |||I[ 1884 ||||lamps
# stages 46 | # stages 38 Motor power ([ 1600.0 (i 1494.5 | IkW || ] 1600.0 (i 1214.7 |||k
Fixed specific speed? | Fixed specific speed? | Annual energy ||[[ 14016.0 ||§{ 13091.4 | [MWh || || 14016.0 | ([ 10640.5 | |{{MWh
Line freq. 60Hz w Line freq. 60 Hz W Annual cost||| 866.2 ||il 809.0 ||l$1000] || 866.2 |[if 657.6 |||[S1000
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jo isting lo
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Size margin.%gml Size margin,%g@
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Flow rate, gpm 5[ 2639 Flow rate, gpm 3| 2639
Headtool| Head, ft [ 2645 Head tool| Head, ft & 2155
Load estim. method Power w Load estim. method Power w

Faciity [Westvaco | System [Boller FW Pumps | Date |hov 25, 2015

Application [Boilers 6 and 7 | Evaluator '|Cunningham

|

General comments
eedwater pump discharge pressure 15 ~1100 psig. The boiler pressure is maximum of 650 psig. _I
when the pumps are replaced the discharge pressure could be dropped by at least 200 psi, or
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Motor kW 5| 1600.0 Motor kW 3| 1600.0

Voltage 5| 4160 Voltage 3| 4160

Retrieve Set Copy A Copy B Background
defaults | | defaulis > toB> <to A< information

System curve tool: select below v|

STOP

-
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Faciity | | system | | Date | |
Application | lEvaIuator [ |

General comments
e pump head is reduced by 200 psi, or 490 ft of head. The optimal condition is used as the after__]
roject condition. Savings are $208,600/year. This is a costly project and will only be done when
€ pumps require major maintenance.
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Inputs
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Accessing background information and
supporting data
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S bl
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Click on Background information button to

bring up a Selection menu list

Background
iInformation

Selection menu list

——mmP>| Prescreening - IMPORTANT

General background

System measured conditions vs. actual requirements
Sources of system losses

——mmmmp>| Pump efficiency curves

———mmm>| Motor performance curves
Units conversion utility

— We'll look at these items
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Motor performance curves access

Selecionmenu list

Prascreaning - IMPORTANT

aenzral background

Syetem measured conditions vs acual reguiements
Sources of system losses

2Hiciency curnves

Pum

Pt of current, sfhcisncy, power factor vs motor shart load

120

110

100

Lye freq. 5] Hz

Motor paveer urits | HP <
HP 10 w| & 90

rpm <l 1185
sechied (balow) W

FL eficiency, % o[ 9a)

Motor efic class &

Votage 3| 46D
Eztenste FLA | Fulkload zemps 5[ 1170 °

60
T
% bosd NFLamps  PF% BN ¥F
[25 || #4171 | 5253 8131 = 40
[ =0 5756 || 7420 |l @3.71
[7s ||| 707 | &276 | @3t 30
| 300 10000 | 508 | 440
20
Retum 10 .
nformation ma g L
IR worgroung
Hoinar
wr ‘. -
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Flow rate, gpm :*_:{210 Type afmeasurement configuraton
[Headtanl] Heas. 1 3 757
Loa% bstim. method Current w

Suction lank glavation, gac sgace pracsure, and discharige ling pracsurs vl
hiotor amps a 104 0
: —_—
Voltage $

Accessing pump head calculator

Click 10 access
unile caorverter tool

K. represents all suction losses from the tank to the pump
K, represents all discharge losses from the pump to gauge P,
Suction pipe diameter (10) 2

|
| 14.000|inches Discharge pipe diameter (I0) 3| 14 000 inches
Suction tank gas overpressure (Py) 2 0.00| psig Dischargs gauge pressure (Pd) 5| 3505 peig
. Suction 1ank fluid surface elevation (Z8) 3| 17 75|t Discharge gauge elevation (Zu)%
'. Suciion line los= cosfficients, Ks 3‘1] D.S[]I
.0
|
|
|
|

g70if
Discharge line oss coeficients, Kd3' 100
Fluid epacific granty g[ ~1.000
Dont updaie
\ Clck to
n
|
i

lezve the main panel
head unchanged
|

Flow rate 3 3210.00 | gpm
Differential elevation head | 505
Differential pressure head | B0.93

Differ=rtia! velocity head | 0.70

Click "Head tool"

button in input for
Condition A

System of units: gpm, f, hp

Estimaied discharge fneiion head | 0.70

= =

Pump head | 7263

Pump head calculation using suction
source elevation and discharge pressure data
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Alternate pump head calculation

Tvpe ot measuremant configurabon
J Suction gnd discharge Ine pressures

v

Popup selection

SUction 1ank glevation, 4as space prassure, and diIacharge Ang pressure

S K. represents all suction losses from gauge P_ to the pump
ick 10 access 3 -
el K, represents all discharge losses from the pump fo gauge P,
J
Suction pipe diamater (D) 2| 14 000 inches Discharae pipe diamater (0) 5] 14000 | inches
Suction gauge pressure (Fs) 2 5.08| psig Discharge gauge pressure (FPd) ﬁlﬁ peig
Suction gauga elavation [Zg) 2 /00| ft Discharge gauge alevation (Zd)§ 70t
Suciion line loss cosficients, Ks :’1| 0,0[]' Discharge ine loss coefficients Kd§ 1.00

Fluid spacific gravity 5[ 1000 Flow rate §[ 321000 gpm
ot &nd update Differential elevation head | 370

Differential pressure head | 69.32
Differartia! velocity head | 000

Estimated suction friction head | 0.0l
Estimated dischargs friciion head 0.70

Pump head | 7372

Dont update Acce
Click to - Llckio

lezve the main panel
head unchanged

System of units: gpm, i, hp

R

Alternate pump head calculation using suction
and discharge pressure data
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unil
cost

Field
data

Duty,

Accessing

I Lamnaie r L I[
Fulkload amps 5 117.0
Size margin, %3 0O

Operating fraction 3| 0920

flkwhr 5100550

Flaw rate, gpm 3[ 5510

Head tool Head, ft 3 737
Load estim. method Curent v|
Mator amps gl 104 0

Voltzge 5| 473 |

-l

(£ 2

Redrizve St Copy &

deimuks | | d=imulis ={oB= -

< Sustem cune tool select below
Condition At specfisd HID

Condition B + spacified HQ

- Conditions A+B

l
i

Select‘the desired

System curve source(s)

U.S. Department of Energy

system curve calculator

the Tods Heb
Systan aad cang rput date
Flud specifc gty 3 100
Systemn bz sxporent, C 3 150
Flowrste Haad Fludpower, be
Part 1 $I 2290|3737 I 7]
Pare2 3 0/2 18] [00]
ahesnate 3| o] | 180 an
Calcdatad chato head | 180)
Cakulatad I (Joza coificknt] §21 BOES|
Retan =ystem
cuve and
miumn ta PEAT
Expat Cuma nfo
to xpraadsher i
i
Systam cuve source 34
Conditice A+ 1Sar specifiad 0
0 20 &0 G0 80 1000 1200 1400 1600 1800 X000 2200 200 300 2800 300 300 300
Fluw rase, gpm
Curve basis Flow, haad .:uF'}
H = H+KQ where Skrpke Lystem care
H = Total hwad H, = Stalic head
oo - . rod o Alarrots ity
K = Flow rale - —
o cponamt
Note metnc fow rate, not the velooty head
Noe 2 T U
wtems

If the system curve is retained and the analysis is

subsequently logged, the system curve will be stored
with the log (and available for recall).
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Analyses can be logged, retrieved, or deleted

Click here — "

" Summary file contrals:

Creale e
summary Nk

Edsting summargnies

CREATE NEW

Choose hie to write.

fo create

Saven. | 3 Logs

IS

new log

4 My Recan Docunerts g
&) Deshicp
I} My Docunerts
o My Compoter
e Local Disk |C)
> Pogran Fiee
L3 FSAT 2008

2 DVDICD-RV Diwve D)
o WO Pazepoct |F)
o Shared Docarerys
3 My Docanerts
S Ntk

et ) =)
+ @ cf BBy

<

Fie nane

Savom a5 e

ITyt;e e rvee g Hle naire beis

| Custorn Pattorn [ dat|

Lad s
£

The default log location is in the Logs folder, located inside the PSAT2008 folder (which is, by
default, in your Program Files folder), but logs can be saved to and retrieved from other locations.

After navigating to the desired location, type the name of the log you want to create in the

— File name: box and click Save
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File Tools Help PSAT

ngp 2008
' Condition B _ Condition A Condition B
End suction ANSVAP _ v End suction ANSIAP| _ ] S T L . [ L
Pump efficiency ||| 67.3 |[if 86.6 |[|% | 568 Il 837 |[|%
Pump rpm i;‘—ﬂ.m Pump rpm §|—_1770 Motor rated power |[[f| 200 /il 200 | :p [ 100 J[If 100 1 :p
: — A —_— 196.8 | 153.0 | 71.0 |
Pump. Drive Direct drive Drive Direct drive W Motor shaft power ||| ) i P I | |[[he
flui . S . Ry Pump shaft power (|| 196.8 ||il 153.0 ||lhp | 1047 [l 71.0 |[|hp
uid Units __gpm. ft, hp = Units __ gpm.ft.hp W= , ————— | |—— — —
. o 700 . e 700 Motor efficiency (|| 93.9 [|f 957 |[% [ 929 |||[ 95.1 |||%
Kinematic wsc.osny (C-S);h 600 Kinematic VISC.OSIty (C-S);h 600 Motor power factor ||| 87.4 ||l 824 |||% [ 88.0 |[If 80.0 |[|%
SfecRC gty P Speciic gravty g p Motor current | (|| 218.7 ||l 176.9 ||lamps || || 1154 |||[ 84.1 ||[flamps
# stages 46 #stages 36 Motor power [ 1563 J|I[ 1192 | fkw || {(8&1 | ||["557 ] fw
Fixed specific SPeed?- Fixed specific Speed?- Annual energy||[[ 456.4 ||l 348.1 | |[mwnh || |[ 2456 ||i[ 1626 ||[[MWh
Line freq. 60 Hz w| Line freq. 60 Hz w Annual cost| (|| 351 J|il 267 |||s1000|| [{ 189 |fif 125 |/||$1000
HP HP ' ‘
5120# ﬂ1004 Annual savings potential, $1,000 | 8.3 | | 6.4 ‘
Motor rpm ﬂ—l 1770 Motor rpm v 1770] Optimization rating, % [[_76.3 | [662 |
Eff. class Standard efficiency W Eff. class Standard efficiency w —
Motor _Log file controls: Summary file controls:
y o Create Add to Create new
BT 0 b
Vokans b 440 Voltage i 440 ;::i:ge e"_D:etﬂeﬁﬁ. Existing summary files SiEmay e
| Estlm:te FLA | I EsUm:te FLA | g ey o S CREATE NEW |
Full-load amps :1] 2539.0 Full-load amps jl 12121«9 (Condition A Notes| Dcincitalion sertion
. S : e
Size marg'”-/"qm' Size margin,% ﬂml Faciity |LC Water Treatment | System [Finish Water | Date | |
DUt)tL Operating fraction 5| 0.333 Operating fraction 3| 0.333 Application '[Pump 1 | Evaluator [ |
uni
$/kwhr 5[ 0.0768 $/kwhr 5[0.0768||| | Seneral comments
cost ttial Condition (<]
Flow rate, gpm 21718 Flow rate, gpm 3| 838
Field | Head tool| Head. ft 3| 306 Head tool| Head, ft 5| 281 =
data || Load estim. method Power w Load estim. method Power w||| =—————
TR ~————|| Condition B Notes
Mijolrt kW;l_hz M(\’;°|'tkwll 8:7'; Faciity |LCWater Treatment | System [Finish Water | Date | |
oltage oltage 3
s s Application |Pump 2 lEvaIuator | |
Retrieve Set Copy A Copy B Background General comments
defaults | | defaults >toB> <fo A< information itial Condition |« |

System curve tool: select below vl I STOP

U.S. Department of Energy  Office of Industrial Technologies BestPractices Workshop



File Tools Help [PSAT
ngp 2008
End suction ANSUAP| | End suction ANSUAPI  w| e e o _ERSRg. UpinEL.  Jhils
Pump efficiency | ||| 627 |lll 87.6 ||% [ 874 (I 87.3 |||%
\
Pump rpmg 1770 Pump rpmg 1770 II\\A/IOtor ra:?: power (| 300 | |2?;0705 i :P : 123[;00 .‘ } 1235;01 ‘ :P
Pump. Drive Direct drive w Drive Direct drive W otor shatft power ||| | (([_217-5 ] [[hp 189.0 | A ||[fhp
fluid ; : Pump shaft power ||| 303.9 |lif 217.5 |{hp [ 189.0 |[If 189.1 |||ihp
ui Units _ gpm. ft. hp W= Units _gpm.ft.hp W= : i {15 .
_ i a , s r Motor efficiency |[J| 945 |[|[ 958 |[|% [ 957 Il 958 ||l%
Kinematic viscosity (cS)| 1.00 Kinematic viscosity (cS)=| 1.00 Motor power factor ||| 87.7 Il 833 (% 65 || 251 1|[%
HIEE gravity;hﬁ.looo HpEniE Q'HW‘V;I1£'!0°° Motor current | |[[ 332.6 |||{[ 226.9 | [[amps || [ 2138 ||I[ 2173 |||famps
# stages 36 | # stages 74 Motor power | |[[ 220.0 || 7693 || fkw || [ 7272 [l 273 ||(fkw
Fixed specific Speed?- Fixed specific Speed?- Annual energy | ||[ 700.8 J|i[ 4943 | [IMwh || [[ 5123 ||i[ 5121 |[{MWh
Line freq. 60Hz W Line freq. 60 Hz W Annual cost|[{f 53.8 ||il 38.0 ||[$1000|f |f 39.3 Jlil 39.3 }||}$1000
HP HP ‘
5—300 b4 5—200 2 Annual savings potential, $1,000 115—9 g1 '-“
Motor rpm w| 1770 Motor rpm w1770 Optimization rating, % [ 705 | 100.0
Eff. class Standard efficiency Eff. class Energy efficient W . —
Motor Log file controls: Summary file controls:
Create Add to Create new
Voltage 3’1[ 460 Voltage e’l 460 new log | | existing log Evisiing sty ifes summary file
[ Estimate FLA | Estimate FLA ||| [ oorere || o anty CREATE NEW vl
4 4l { 4L
Fullload amps §[7339 8| Fullload amps §["2288]|| 'Conition A Notes Documentation section
Size margin.% §[45] Size margin.% 2[5 e, ey ILC Water Treatment | System [Finish Water | Date | |
Duunti)t/. Operating fraction 5| 0.333 Operating fraction 5| 0.397 Application '[Pump 1 and Pump 2 together |Evaluator | I
cost $/kwhr 3/0.0768 $/kwhr 5[ 0.0768 Ge::lfz' °Zﬁ:§e“’s —
00 n
Flow rate, gpm 2| 2300 Flow rate, gpm 2| 2100
Field | Headtool| Head, ft 5[~ 328||| ||Headtool| Head, ft 5[ 311 =
data || Load estim. method Power w Load estim. method Power w
3 2400 : )
Mator kW‘ Mo oe kW_ 1453 Facilty |LC Water Treatment ]System [Finish Water |Date [ ]
Voltage 3| 475 Voltage 5| 460
Application iOptimization |Evaluator [ |
Retrieve Set Copy A Copy B Background General comments
defaults | | defaults > toB> <to A< information is assumes a daily production of 1.2 million gallons, at which requires 2,100 gpm for 9.52 [+ ]
: hours/day. The "Measured power” value was adjusted to give an optimization rating of 100 simply
SISl cue fopiSeleaLDelow Vl | STOP to clarify that this is what would be expected from an optimal pump.
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A valve tool is included in the
PSAT2008 package

) Pam Desticp 4
) Pt Digtizer 3
B psatz00s
o WINDAD 3= valve toal
& WSs_FIP Professanal » 5] Systern curve from Lygt oc
vArdp [3 Adote Acrobat 5.0 [# totordaza-Dono
% Convert ¥
W@ Microsoft Shreess & Trps 2007
[7 PROS+ 5 Laundhpad

) Farbarks-Mors= Purps v
Frocrams s

Ardows Updoke

- Mxrozoft Uodate
Rhapsody

Favork=s
4 Documents '
(3~ Settnps »

Sazrch >
& Help and Suppoet
77 Run..

| Log Off Don Casada...
(0 Turn OFf Computer...,

Windows XP Professional
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Pump affinity laws and
parallel or series pump operation
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Pump affinity laws can be used to predict pump
curves for different speeds and impeller diameters

Speed Diameter
-~ N r N 1 g N r N 1
Q1 — N 1 Q1 . D1
\QZJ hzz 2 \Q2/ . 32; 2
~ 3\ N s N s e
L Ny | _ (D
. _|2 / . h 2/ - ‘-|2 7 . 32)
- 5 \ ’ N 3 e D N - N 3
Py| _ | N Pyl _ | Dy
D B
- 2 J \ N2/ - 2 < ~ D2/
-~ ™ ~ N O 0
M| _ | M {‘LJ _ { &}
\nz J \ N2/ n2 D2
Q = flow rate H = head P = power
N = speed D = diameter n = efficiency
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The affinity laws aren't
perfect for diameter changes: head curves

e

180

160}4 -

o e e

60 /= 19.in \K_
40 | ~*= 17-in, affinity
17-in, actual
20 15-in, affinity
- 15-in,x actual

Head. ft
2 3
//

0 1000 2000 3000 4000 5000 6000 7000 8000
Flow rate, gpm DAC 211562000
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Considering a trim in impeller diameter?

Recommendations:

1. Get actual performance curves from the

manufacturer, especially if the trim change being
considered is large

2. Do a field performance test of the existing pump

"If it is necessary to dismantle a pump after the performance
test for the sole purpose of changing rotation or machining
Impellers to meet the tolerances, no re-test shall be required
unless the reduction in diameter exceeds 5% of the original
diameter." (HI-1.6, Centrifugal Pump Tests)
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But the affinity laws generally hold up very well
with speed changes

200

180

160

140

120

100

Head, ft

80

60

\o
A

40

20 =

0 1000 2000 3000 4000 5000 6000 7000 8000
Flow rate, gpm DAC 2152008

Note: same pump as previous slides, impeller size = 17.9 inches
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Shaft power curves at four speeds

250

—100%
200 i/r’,—

J—
)

- 150 i
/
100 ,‘-::_,: gt

/ e 90%
/

Shaft power, hp

50

0 1000 2000 3000 4000 5000 6000 /000 8000

Flow rate, gpm DAC 20162003
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Efficiency curves at four speeds

100

Efficiency, %
t
Qo
N
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20

0 1000 2000 3000 4000 5000 6000 7000 8000
Flow rate, gpm DA 21162008
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